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1.0 PURPOSE 

1.1 The purpose of this procedure is to provide a method for preparation 
for shipment of the Natural Gas Storage Vessel , Serial No. MV 50487 B19. 

Vessel stored natural gas at 3000 pound per square inch. Extreme 
caution must be exercised at all times. Vessel is being shipped to 
Atomic Energy Commission. 

2.0 REFERENCE 

2.1 Applicable publication: Gas Engineers Handbook , Section 14 Purging., 

Chapter 1, 2 and 4, was used as reference materials for this procedure. 
Refer to these chapters, for detailed explanation of recommended purging 
procedure and exit gas flow sampling method. 'See Appendix A., 

3.0 SAFETY REQUIREMENTS 

3.1 Caution all workmen that both the natural gas and purge gas are 
suffocating and toxic and should not be inhaled. 

Take precautions against all sources of ignition (open flames, 
welding and burning, smoking, or electrical equipment) in the immediate 
vicinity of the vessel . Purging should not be started during an 
electrical storm. 

4.0 MATERIAL 

4.1 Material required to perform this procedure: 

1) Valve, 3/4" 200 lb.,W0G Bronze gate 

2) Pressure gauge, 2-1/2' 1 , 0 to 30 range, 1/2" N.P.T. 


3) Valve ? l/2\ 200 1b J WOG Bronze gate 

4) Valve, bar stock, 1/2", 3000 lb. operating pressure 

5) Regulation, two stage, 0 to 3000 psig range, P/N 2068 

Rego or equal . * 

6) Hose, 6*L, rated 3000 lb. 

7) Fittings, carbon steel per ASTMA 181 

8) Nitrogen, "K" cylinder, 2200 psig, Quantity six at start, more 
may be needed 

9) Metal tag — 

10) Black paint 

11) Ladder or scaffolds 

12) Pipefitters tools 

5.0 PROCEDURE ' 


Prior to starting this procedure, notification of date -and time,^ 
when procedure will be performed must be given to Johnson Space Center 
Safety Office and Fire Department. 


Contact Kelsey-Seybold, X 3597, to request personnel to analyze 
natural gas concentration using Explosi Meter. ; 

5.1 Close hand valve (7), valve nearest to the gas main. Close hand 
valves (3) , (4}, <J5}, and (7) , See Figure 1. 

5.2 All personnel not required by this procedure shall vacate the area. 
There shall be no sources of ignition within 50 feet of the storage vessel 

5.3 Open valve venting gas to atmosphere through vent pipe. 

When pressure gauge (?) indicates 0 psig and there is no sound of escaping 
gas, vent gas in line leading from storage vessel to service island by 



Opening valve {¥). When pressure gauge indicates 0 psig and there is 
no sound of escaping gas, vent gas in line from compressor by opening, 
valves { 4 ). and (J). Verify that pressure gauge (T) reads zero and there 
is no sound of escaping gas. If pressure gauge ( 7 ) does not read zero, 
proceed. with caution. Vent line may be clogged. Wait until sound of 
escaping gas stops. 

5.4 Remove unions (5} and ^ 9 ). 


5.5 Remove union and line (Tj) . Install new union half and hand valve 

Hand valve shall be 3/4", 200 lb. WOG Bronze gate valve. Fittings 
shall be screwed, carbon steel. 

5.6 Replace pressure gauge ( 7 ) with calibrated gauge 2-1/2" , 0 to 30 range. 

5.7 Remove plug from valve ^6^. Install temporary line and components as 
shown on Figure 1. Valve shall be 1/2", 200 lb. WOG Bronze gate 
valve. Valve shall be bar stock 1/2" F.N.P.T., with 3000 lb. 
operating press. Regulator shall be two stage, 0 to 3000 press range, 

P/N 2068, Rego or equal. Hose between valve and regulator ^5^ 
shall be rated at 3000 psig operating pressure. Line between valve ^6), 

and shall be screwed carbon steel fittings. j Before installing 
regulator insure that adjusting knob is in zero delivery position. 
Nitrogen cylinder shall be Type "K" filled with certified oil free, 
(water-pumped) nitrogen. Caution: Connect only one cylinder at a time. 

DO NOT MANIFOLD CYLINDERS. 


5.8 Close valves { 4 ), ($) and ^ . Open valves ) and 

Caution: Never close valves and at the same time; one or the other 

must be open at all times. 

5.9 Open nitrogen cylinder valve. Verify that cylinder is full. Pressure 

should be approximately 2200 psig. Set regulator adjusting knob to 

* 
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delivery pressure of 10 psig. This setting will permit a nitrogen flow 
rate of approximately 600 CFH. Verify gas venting out valve ^ 2 ). 

Observe pressure gauge ^7^. Pressure gauge should read below 5 psig. 

5.10 Observe cylinder pressure. When pressure falls to 25 psig, close 

valves @ and open valve , replace cylinder with full 

cylinder. Close valve and open valves Continue 

purging vessel . 

5.11 Repeat Step 10. While purging with third cylinder, began analyzing 
exit gas flow at valve (\2) for natural gas concentration. Analysis shall 
be. performed using an Explosi Meter. When Explosi Meter indicates a 

safe condition at valve , an acceptable natural gas concentration 
exists. Contact Kelsey-Seybold, X 3597, to perform gas analyzing with 
E!xplosi Meter. If a safe concentration cannot be reached with third 
cylinder, connect another and continue , 

5.12 If safe concentration cannot be reached when fourth cylinder is 
exhausted, cease purging. Close valves {Tg) , ^6^, and <^4) * Open valve 

Contact Safety Office for additional instructions. 

5.13 When safe condition exists in vessel close valvej . Increase 

regulator setting to 20 psig. Observe pressure gauge (T). When 

gauge reads 20 psig close valves {¥) and ^~4> . Open valve Cl ose 

cylinder valve and relief pressure on regulator . Replace cylinder 
whenever cylinder pressure falls to 25 psig. 

5.14 Wait 24 hours. Check safe concentration of natural gas in vessel. 
Analyze gas flow at valve ([£) , using Explosi Meter. 

5.15 If natural gas concentration is acceptable close valve . If 
natural gas concentration is unacceptable repeat steps 8 through 14. 


*■ 
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5.16 If natural gas concentration was acceptable, bring vessel pressure 
up to 20 psig. Close valve and cylinder valve. Open valve . 

When pressure between regulator and valve ^6^ reaches atmospheric 
pressure, adjust regulator setting to full open, venting gas from cylinder 
valve. Remove temporary line, components and cylinder. Reinstall plug 

in valve ^6^. Install new plug in valve . Install union half with 
plug in unions (ii), (^ 7 ) and - Remove vent line. 

5.17 Identify vessel per National Fire Prevention Association Guide on 
Hazardous Material, Fifth Edition, with stamped metal tag. Include a 

copy of this Quality Control verified completed procedure with gas analysis 
results in; the data accompanying this vessel, 

5.18 Paint three sides of vessel 120° apart, in letters 3" high. on 
"VESSEL HAS BEEN USED TO STORE NATURAL GAS UNDER 3000 PSIG". Prepare 
surfaces per manufacturer's instructions, paint with one coat of semi- 
gloss enamel per Federal Spec TT-E-5086, color Black #27040 per Federal 
Standard 595A. Letters shall be along vessel axis. 

5.19 Procedure complete. 
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Chapter 2 


General Practices, Control Methods, 
instrumentation . 


END POINT OF INERT GAS ADDITION 

One method of establishing the end point of purging is to 
continue the operation until no combustible gas is present 
m the equipment being purged out of service or until no 
oxygen is present in that being purged iuto service. 

Another method is to determine whether- or not the gas 
mixture involved is; (1) flammable or (2) likely to become 
flammable during the course of operations. The relationships 
among, constituents of the three-component system (flam- 
mable gas, atmospheric air, and inert gases) may be repre- 
sented on triangular or rectangular coordinates. A rec- 
tangular plot for methane is given in Fig. 14-2.' 

The 1 lorizontal axis XH of Fig. 14-2 represents natural gas 
eon ceii IruLiun, the vertical axes XV and XV r show concen- 
tration of atmospheric air and oxygen, respectively; and the 
diagonal axis Vii illustrates concentration of the inert gases 
CO-/ and Xj. Point F denotes 100 per cent air or 21 per cent 
Oj, zero per cent natural gas, and zero per cent inert gases. 
Point 0 represents 100 per cent inert gases, zero per cent, air 



Fis. 14*2 Flammability end point diagram for the. purging of 
natural gss a» 70 F. (At 2300 F, the flu mm ability mine area is 
more than twice as large as that at ?0 F. The A and 0 coordinates 
3.1 ami 19.6 pr o n 1 na t ure I ga s, res pn'c lives y. a r. d the a re a s 
cpproxir-sii:::' -milar.} To see the effects of composition 
cm iiV.ss, R'iOVy if. . simitfld hue horn pom* Tz/md: (.5) V, 
when adding air: (2) X, when adding hum* ggs^s: (3) H. when add- 
ing natural gas. 


(or 0 2 ), and zero per cent natural gas. Point // denotes |(x> 
per cent natural gas, zero per cent air or oxygon, and /, TO 
per cent inert gases. Therefore, line VH represents ail po»i|.],. 
concentrations' of air and natural gas and zero inerts- *d| 
possible, mixtures of natural gas, air, and inert gases' ar e 
included within the area XVII. Points A and li on YU 
represent the lower and upper flammable limits of natural 
in air, respectively. 

As inert gas is mixed with natural gas and air in the flam- 
mable range, other mixtures arc formed which have dinrr.nt 
lower and upper flammable limits. These new limiting ma- 
tures are represented by the lines AC and BC. As more i.-mti 
gas is added, AC and B(J converge at C. No mixture of natural 

gas which contains less than the amount n f «;»■ . 

point C is flammable within itself, but a!! mixtures y;drb 

•a Tm .. w, -M- i . i 

“ — ‘■“i uu.uuurHt; hums ai to must oe aw.iiji-d 

for safe purging practice. 

Mixtures within the area DCBlI are above the fizmia.ml.- 
limits, but will become flammable when air is added. Tim- 
on Fig, M-2, a mixture containing 40 per cent air, 40 j., r 
cent natural gas, and 20 per cent inerts (point K) i> m.t 
flammable. If air is added' to this mixture, its compe-hi-u 
wilt vary along the line EV, and as it outers the area Mir. 
the mixture becomes flammable. , 

Similarly, all mixtures withirj the area VACF arc b<!mv 
flammability limits but will become flammable if natural «:.<* 
is added, since tiicy will then enter the area ABC. 

Mixtures indicated by points' in the area A 'DCF arc nm 
only nonflammable, but they cannot he made flammable fly 
adding either nat ural gas or air. 

PURGING EQUIPMENT INTO SERVICE 

The operation of safely purging air from a comaiiM r 
subsequently to be filled with natural gas may lw> indi^md 
on Fig. 14-2. As inert gas is added, the air concent ruimn er>; •> 
along ordinate VA' to any point G below F. Subsequent hi !• il- 
licit of natural gas causes the mixture coin position to eL-ince 
along luiz.GII (not shown), which crosses no part of iK»- iluin- 
mablc zone ABC. In the example shown in Fig. 14-2, inert mi- 
should be added until the purged atmosphere contains ** 
least 42 per cent inerts, thereby reducing the air conimi <j> 
the purged atmosphere to AS per cent, an oxygen 
t: at ion oi ubou t. 12 per re.nw (Table 14-2 makes ?o me ; j * 1 
rocomii.cndatiovi-,) 

To render a given combustible air mixiv.ro 
it is dcsuabiO to know what percentages of inert i-:w> :u* 



•2**2 -nert HfJd Point- Jer Purging Inter Service Using 
• Carbon Oioxido or fijtrcgen 


Combustible 

Per cent required 
to render 
mixtures 
nonflammable 1 

Purging end 
points with 
20% 

. safety factor 

CO* 

U 3 * • 

co, 


ydregen 

57 

71 

66 

77 

•rbon monoxide 

41 • 

58 

53 

66 

ethane ^ 

23 

36 

38 

49 

l.ane \ 

. 32 

<4 * 

46 

55 

ropane \ 

. 29 

42 / * 

43 

54 

Eutane \ 

28 

40/ 

42 

52 

•Butana \ 

26 

AO/ 

41 

52 

mtane \ 

.. 28 

At 

42 

54 

exane \ 

; • 28 

41 

42 

53 

isoline 

\ 29 

m 

43 

55 

■hylene 

\ 40 

/ 49 

52 

59 

ropylene 

\ 29 

/ 42 

43 

54 

•dopropane 

\ 30 / 

41 

44 

53 

utadiene 

\ 35 / 

48 

48 

■ 49 

snzene 

w 

44 

44 

55 


* Nitrogen percentages do include nitrogen of the air in 
a mixtures. /\ 


quired. Table ] 4-2 givey the values for a number of com bus-* 
jlcs investigated by ij/e U. S. Bureau of Mines. To ensure 
fcty, a purging should be continued to a point, at ieast 20 . 
r cent beyond the/Uarnniability limit, as shown by the 
erf gas end points t/bu (atari at the righ\ Where combustion' 
udxicis are. employn't, the CO* per 'Cent iigVmti'y bv used as a ■ 
•unsure of the mtj/t gas present, but the percent age of the 
u point for 1\ 2 should be taken for safe purging; ronf rol. 
sometimes ii/s more convenient to determine the oxygen 
nfent of the /urged gases. In purging into service, inert gas 
added un/l the oxygen concentration of the container 
meats decreases to the point where no mixture with the 
mbustibl/ gas would be flammable. Table id-3 gives these 
,ta« Suggested purging end point data with a 20 per cent 
>ty factor are given at the right in terms of per cent of 


:ble 14-3 Oxygen End Points for Purging into Service Using 
Carbon Dioxide or Nitrogen 


; \ 
Combustible 

Per cent of 
oxygen below 
which no 
mixture is 
^ flammable 1 y* 

Puling end 
abints with 
/ 20% 
safety factor 

'Xo, 


O 

O 

N, 

rdrogen 

5V/ 

5.0 

4.7 

4.0 

rbon monoxide 

$'£r\ 

5.6 

4.7 

4.5 

ithane 

14^6 

Xl 

11.7 

9.7 

•iane 

/T3.4 

11>*V 

10.7 

8.8 

opane . 

/ 14.3 

11.4 

Xll. 4 

9.1 

Jutana / 

14.5 

12.1 

'll. 6 

9.7 

•Butane / 

14.8 

12.0 

11.8 

9.6 

ntane 

14.4 

12.1 

11.5 

9.7 

xane 

14.5 

11.3 

11.6 

9.5 

sol in e , 

14.4 

11.6 

11.5 

9.3 

■Fene 

11.7 

30.6 

9.4 

8.0 

■ '-/?ne 

14.1 

11.5 

11.3 

S. 2 

•-.iapropane 

13.9 

11.7 

111 

9.4 

tad.ene 

13.1 

10.4 

19.5 

8.3 

hzene , 

13.9 

11.2 

11.1 

5.0 
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oxygen for the purging of" containers in prvp-u no 
- receive the various combustibles shown. 

PURGING EQUIPMENT OUT OF SERVICE 

The operation of purging natural gas from a container to 
be filled subsequently with air may also be indicated on Fig. 
14-2. As inert gas is added, the natural gas concentration 
decreases from point II (at the left) along abscissa FIX to a 
point J beyond D (per safety factors in Table 14-3). Sub- 
sequent addition of air results in a change in the mixture 
composition along lineVF (not shown), which crosses no 
part of. flammable zone ABC, In the example shown in Fig. 
14-2, at least 88 per cent of the natural gas should be replaced 
by inert gas when the container is purged out of sendee. 
(Tables 14-4 and M-5 make more precise recommendations.) 


Table 14-4 Inert Gas End Points for Purging cut of Service 
Using Carbon Dioxide or Nitrogen 



Per cent 
required to 
render mixtures 
nonflammable 
when air 
is added 
in any amount 

Purging end 
points with 
' 20% 
safety factor 

Combustible 

0 

O 

N, 

CO, 

.Ns 

Hydrogen . 

91 

.95 

93 

% 

Carbon monoxide 

68 

81 

■ 74 

85 

Methane , 

•77 

05 •. 

82 

S3 

Ethane. 

S3 

93 

91 

95 

Propane 

S3 

94 

91 

95 

ti- Butane 

91 

S5 

93 

95 

r'so-Butane 

91 

• 95 

93 

90 

Pentane 

96 

97 

97 

93 

Hexane 

96 

97 

97 

98 

Gasoline 

93 

96 

95. 

97 

Ethylene 

90 

94 

92 

95 

Propylene 

94 

96 

95 

97 

Benzene 

93 

' 96 

95 

97 

Table 14-5 Combustible 

Gas End 

Points for 

Purging 

out of 

Service Using Carbon Dioxide or Nitrogen 



Per cent of 




combustible 




below which 




no mixture is 




• flammable 

Purging end 


• when 

air 

points with 


is added 

. 20% 



in any amount 

safety factor 

Combustible 

CO, 

Ni 

CO, 

N s • 

Hydrogen 

9 

5 

7 

4 

Carbon monoxide 

32 

19 

26 

15 

Methane 

23 

14 

18 

11 

Ethane 

12 

7 

9 

5 

Propane 

11 

- 6 

9 

5 

n-Bulane 

9 

5 

9 

4 

is.;)- Butane 

9 

5 

7 

A 

Pentane 

4 

3 

3 

l 

Hexane 

4 

3 

3 


Gasoline 

7 

4 

K 

3 

Ethylene 

10 

6 

8 

5 

Propylene 

6 

4 

5 

3 

Ben? ':.no 

7 

4 

5 

0 
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’ ° " ; ; ' r ; \ a5x <' r ‘ combustible mmjrtmm OhOf njr is added 
!? ' " v;: * ilC ^ pureon in *•<.-$ of inert gasc.> should be added. 

Lab ! e l4_4 - iws tIlp data for a number of combustibles in- 
vesligated by the U. R Jiureau o'Mines. Inert gas end points 
4-0 iCiit beyond the fbujinnibie limit arc at 
tuft right. Where combustion products are employed, the C0 2 
percentage may be used .as a measure of the inert gas present, 
but that oi the end point for N s should be taken for safe 
purging control. 

Sometimes a more convenient control method is to deter- 
mme the combustible content of tiie purged gases. In purging 
out of service, inert gas is added until the combustible gas 
concentration of the container contents is decreased to the 
point where no mixture wit!) any amount of air would be 
flammable. Table 14-5. gives such data. Suggested purging 
end point data with a '20 per cent safety factor are given 
*at the right in terms of the percentage of combustible in a 
mixture which will remain nonflammable regardless of the 
amount of air which may be added to it. 

. HOLDING PURGE 

A holding purge is similar to the purging of equipment out 

service except that an inert atmosphere is maintained and 
snot replaced at once by air. Alterations or repairs can some- 
times be made .safely on closed systems under such condi- 
tions, after which combustible gas is readmitted and the 
equipment is returned to service. 

■■ ■o — 1 — ’ “*‘v “ ,4j v *'C to a luikung purge for 

nrrt*j r «i1 iris "V.. -f Mmi .... . ■ > . 

.... ^ ci.incciiiiaiioii nucleases curing 

purging liu.n point II (at the icit) ahing abscissa HX to a 
Point J beyond Z> (per safety factors. in Tables 14-4 and 14-5), 
Combustible gas may. then be readmitted at any time, the 
composition of the mixture changing from J along Xlt until 
II is reached and the equipment is returned to service. 

GENERAL PRECAUTIONS 

In any purging operation, it is a good rule to purge too 
■nuch rather than too little. When there is any doubt, the 
mrging should he conducted as though the container were to 
x- purged of hydrogen or to be prepared for its admission. 
Iydrogen, which is present in most manufactured gases. 
utS the widest known explosive limit range of the common 
lie! gas constituents. Natural gas, however, does not contain 
my free hydrogen. 

After a purging operation has been conducted according 
n a safe procedure and brought to a satisfactory end point” ■ 
he purged atmospheres must be closely rechecked, so that 
■•ondensates, residues, leaks, or some other condition, will not 
: reate a dangerous condition within the container later. Due 
onsidpration should be given to the possible presence of 
ubstances which, because of chemical reactions,- may pro-- 
uce combustible elements or cause spontaneous combustion. 

SAMPLING • 

Control of purging operations is based on periodic sampling 
ad testing of the as mixture discharged from equipment 
m'.ig its pinging, hiee general types of g:^ c s are involved ; 

!} "inert gas; (2) air or, more s)xwilica:iy, oxygen; and (3) 
ammabie giw. . 


. . (.'trc-i'-jit ative samples of gas mix Jure- of Vid> ■ 
w, i‘ venieti L size are r eq u i ret 1 for su bseq uent analysis, . to .v},, . 
the extent of variations in such mixtures in different p-, n , !"• 
(lie system and their relation to performance, health - u 
safety, samples must be representative to be fullv 1 . ■ 
factory, Precautions should be observed to assure that fb 
arc not contaminated or altered by any agent which rif-q , 
affect the representativeness or quality of the sample. 

I- or satisfactory results, sampling points should be chm,. 
with care and located close to the desired reaction or pro:-;--.-- 
A sufficient number of sampling points should be establish^ 
to furnish all necessary information for purging contrm' 
Information secured at one or more of the original p fl j tl[ 
may not be pertinent, and additional or substitute samplji,., 
points may be found necessary during purging. There shun!.-' 
be no hesitation in justifiable changing of sampling location.-. '' 

Sample tube connections should be of the correct 'size -ui ! 
as short as possible. They may be of rubber (except for Ll*. 
gas), glass, c&pper, iron, plastic, or any other comvnirj,*'- 
material which will not allow any adulteration, contamination 
or loss of the sample. . 

An adequate sample may be obtained thru simple 
nee firms in places where the gas is well mixed, as m p 1;P 'v 
vents or small mains. Sampling connections which, extend 
only thru the wall or slid) of large containers or mains ur ,. 
generally not satisfactory. 'They should extend far onon-m 
inside to prevent possible surface condensates from oritorin - 
the samnle tube. In hir^n inline a ho oomi.iim. ? 

, . - v *"' uuwc MHHIIU 

extend jnside from one-third to one-half die main diameter ' 

GAS ANALYSIS AND DETECTION 

i lu* Orsat gas analysis Apparatus is widely used f ui 
cliemicul analysis of samples from purging operations, t ’< m- 
ccnt rat ions of carbon dioxide, oxygen, and carbon inn;,, 
oxide arc determined by their successive selective ahsorj.ti.,!, 
in chemical solutions. If a more complete analysis Ls reipiind. 
ot!:cr absorption pipettes and combustion tubes me v b- 
included to remove additional constituents. Chromato-napD 
and infra-red analyzers may also be used. 

Combustible Gas Indicators 

These instruments indicate the 'presence of combudlib 
gase.- without identifying them. They are used chiefly i:; 
purging equipment out of service. They are most useful up 
the lower explosive limit. An advantage in using them is d::,* 
results are available at once on passage of the sumn!<\ -<■ 
that numerous tests can be made quick! v. 

These indicators should be calibrated for the gases to b- 
tested. They. are not sensitive enough to detect concentration- 
bclow about 0.2 per cent of combustible. They carry ilanw 
arresters as standard equipment. However,’ when Inrg.- 
concentrations of hydrogen or acetylene are tested, a sun 1 ! 
sample should be withdrawn into a container. This siunpb 
should then be tested with tiie combustible gas indicator at a 
distance from the purge site. Activated charcoal filur- 
should not Ik; used during purging operations. 

Pauling Oxygen Analyzer . 

. ^3 gon is one oi the three general constituents nw-r 
/.v^fficant in purging control. Tiie Pauling oxygen analyi.-r 


-n- 


uf ga L u is 

P , 5 for <«W» » any ga mixture ordinarily 

niiaim-'-V in<li,st, y- It may bo used for deter- 

lu 0X . v » GIi content of the container mixture when 
purging equipment either into or out of service. 


Specific Gravity Indicators 
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TO PURSE CO?tM£CTfON 


nul h ,t C, ‘Tf°!- U !p “ i5 f 3ravit - v of m mixture during * 
puj y oration ear, be used to indicate purging pro -4, 

, . 7 iCStrU ' fiCnt at « h *» «* <*£££ 

Self-contained indicators are 
. ^ric. These umts operate on either 120 v .vc-ot-6-v d-c 
and can run confirm ou.sly for at least 5 fir on one charging. ’ 

TESiS FOR GASES HAZARDOUS TO HEALTH 

Purging containers either into or out of service rnav 
n> °a e nandlir.g gases which are injurious to health Since 

of purgins * to ~ 4 £ 

coH c - . Of T,T " ;pE,rs '. tests s, ‘“«w be made of the 
-tt.it of su„h purged containers to make sure that their 
atmosphere, arc safe and will remain .,o for repairmen. 

Inert Gases 

Adeqaat* vents to carry excess inert, (CO, and N„) out- 

v. nt, m- ** proy: ‘ dcd - Ab-cnco of' such 

, ' "“°'' v the content to fail low enough to 

cl ’^ oxygen starvation or smothering. ” 

W.c cxygvit vs the air is decreased (to about, 16 n C r 
LV T f , tae , Dr 5 tttbiflg rate looses, the pulse rate aMeferW 
-nu me ability to think clearly diminishes. Constant indiea - 
aons or oxygen content are advisable to warn of oxygen 
■ deficiencies (Table 14-6). • \° XJfccn 

Carooudioxidc is odorless and nontoxic in small quantities, 

-"d Jt Cco a3 a respiratory stimulant. Above six per cent 
concentratjon, physical impairments are experienced, such 
a>> headache, drowsiness, and general nervousness. 

Flue or Exhaust Gases and Purging Machine Gas 

When used as inerts, these gases contain small percentages 
o. carbon monoxide. Instruments capable of determining CO 

1,1 C . OnCen , mUl0nS hw ^ 0.002 per cent should be used to 
analyze -the contents of a space where men may work. Phys- 
lomgical ef sects of carbon monoxide (Table 6*4 and F l " 
6-24} and instruments for its determination are available- 
see Fig. 6*27. Table 140 gives the threshold limits f^r a 
number of gases anchvapors which may be encountered. 

Table 14,$ x Physiologica l Effects of O xy S » n Deficiency 

Effect T 

23-59 Normal air supply. 

17 Flame lamp extinguished. Atmosphere can 
be breathed and wurk done without Hi ef- 
ted* for several hours. 

13,0 Acetyleno flame extinguished. Work diffi- 

cult; considerably iRcrsr.secffate of breath. 

.. , inr; kes nausce and headache. 

;f'-' °> cenur.iousn»ss on oxetion. * 

c " /,J ’w:i,.orisc;ousri-jss and doatn if ndequat® 

supply not cjuickly rosier ?d. 
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3 (left) Steam purge indicator. 

(,!8 , nt) , Condensing'cbil for steam pureo testing 




Steam Purging Indicators. Steam, as a purHn* mc- 

V a : JV f m “ K T f " s " :Uiy boin S "vaUahie iu 
, 15 Ke ' SUlt,,tl to operations whore volatile 

eombuat.b e, are present. The pressure at which it is sup- 
phed should not exceed the design pressure of the equip- 
ment to be purged. The operation must be continuous to 
avoid drawing in a i r by aleam condensation. 

sulaied Pyrex ghvss7ldtAif'400-nd”canaeiry C 77^ 

“r, cec H t uppcr 7 ‘ ^ 

too watei-fiHedi^,,,^;;^ “ C °“ e5tei 

1 lie bulb is filled with water to displace f.l! air -and then 
connected to the sampling line at the purging vent' }CZ 

Ttenth*™}," h> ' r ' h °"-' n " "' : ' tcr t0 c!r:,in iatc » bottle’ 

J hen (lie cocks arc manipulated so that purge go, i, ^wed 

to flow- thru the indicator until temperature equilibrium^ 

reached. By closing the top cock and reverdn- the bo't-T 

water from the bottle will be drawn in by the condensing 

. ' ui. The per cent 0 f Kas or air remaining will be Indicated 
bt rcaamg the water level in the graduated seek. 

is ur^-^^. t0ml>U5til)lCT are a ■' iec0I,d operation 

ooowCd^t^'^ 

collected in a I0 ^, U^r.’^ !u£ 

- - 'J- tCfi;pf.r>tture f»hon-W not exceed 70 F. 
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